Salinity is one of the principal abiotic stresses that affect plant productivity by inducing osmotic stress, which in turn, causes oxidative stress. Plants respond to this oxidative stress by adjusting levels of antioxidants and associated components. 10-day old seedlings of Niger were evaluated for abiotic stress response in terms of antioxidants and antioxidant enzymes over 72 h in presence of up to 500 mM NaCl in combination with CaCl 2 . Stress markers: H 2 O 2 , lipid peroxidation, antioxidants; ASC and GSH and antioxidant enzymes such as POX, APX and GR were significantly elevated, while CAT was reduced. The response was concentration and time-dependent up to 300 mM NaCl and fluctuated beyond. Metabolic enzymes β-amylase and acid phosphatase exhibited moderate increase relative to controls. The parameters indicated tolerance of the plants to salinity up to 300 mM over 48 h.
Introduction
Worldwide, 20% of total cultivated and 33% of irrigated agricultural lands are exacerbated by high salinity. Phenomena like low precipitation, high surface evaporation, irrigation with saline water, weathering of native rocks, and poor agricultural practices have increased the rate of soil salinization to 10% per annum. It has been predicted that more than 50% of the arable land would be salinized by the year 2050 [1] . Soil salinization can be defined as the electrical conductivity (EC) of the saturation extract (ECe) in the root zone that exceeds 4 dS•m −1 0.1 ml of brominated sample extract made up with distilled water to 3.0 ml, 1.0 ml of 2% DNPH reagent along with 1 -2 drops of thiourea. Post-incubation at 37˚C for 3 h, the orange-red osazone crystals formed were dissolved by adding 7.0 ml of 80% sulphuric acid and absorbance was read at 540 nm.
Glutathione (GSH)
GSH estimation was carried out according to the procedure of Beutler (1963) [12] . The tissue was homogenized in 3% metaphosphoric acid. To the supernatant obtained after centrifugation DTNB [5, 5 '-dithiobis (2-nitrobenzoic acid)] was added. Total glutathione concentration was estimated by monitoring the formation of 5-thio-2-nitrobenzoic acid, which is proportional to GSH at 412 nm against reagent controls.
Determination of Stress Response Factors

Hydrogen Peroxide (H 2 O 2 )
Hydrogen peroxide content in Niger was estimated according to Velikova et al. (2000) [13] . Leaf tissues of control and stressed seedlings (500 mg) were ground in 5 ml of 0.1% (w/v) trichloroacetic acid in an ice bath. The homogenate was centrifuged at 10,000×g for 15 min. 0.5 ml of the supernatant was made up to 1 ml with 10 mM potassium phosphate buffer (pH 7.0) to which 1 ml of 1 M KI was added. The absorbance was measured at 390 nm.
Proline
The free proline content was estimated according to Bates et al., (1973) [14] . Leaf tissue (500 mg) was homogenized with 3% sulfosalicylic acid in an ice bath. The homogenate was centrifuged at 10,000 rpm for 15 mins at 4˚C. The reaction mixture consisted of 2 ml of filtrate, 2 ml of acid-ninhydrin and 2 ml of glacial acetic acid and incubated for 1 h at 100˚C. The tubes were immediately transferred onto an ice bath to terminate the reaction and the reaction mixture was extracted with 4 ml of toluene. The chromophore-containing organic phase was separated from the hydrated phase and the absorbance was recorded at 520 nm.
Lipid Peroxidation
The extent of lipid peroxidation was determined by measuring the MDA content formed by thiobarbituric acid reaction according to Heath and Packer (1968) [15] , with suitable modification. 0.5 g of fresh tissue was homogenized with 5.0 ml of 0.1% TCA containing 0.5% butylated hydroxytoluene and 1.0% PVP. The homogenate was centrifuged at 12,000×g for 30 min. The reaction mixture consisted of 2.0 ml of the supernatant mixed with 2.0 ml of the substrate (0.5% thiobarbituric acid and 20% TCA). The absorbance of supernatant was measured at 532 nm and the nonspecific absorbance at 600 nm was subtracted. The MDA content was calculated with an extinction coefficient of 155 mM 
Extraction of Enzymes
The leaf samples were homogenized using pestle and mortar with pre-chilled 50 mM sodium phosphate buffer (pH 7.0) containing 5 mM β-mercaptoethanol and 1mM EDTA. The homogenate was centrifuged at 10,000×g for 15 min at 4˚C. The supernatant collected was used as a source of enzymes. Soluble protein content was estimated according to Lowry et al. (1951) [16] , using BSA as the standard. The activity of Guaiacol peroxidase was determined spectrophotometrically as described by Chance et al. (1955) [17] . The assay mixture contained 3.0 ml of 50 mM phosphate buffer (pH 7.0), 20 mM guaiacol, 10 mM H 2 O 2 and 100 μl enzyme extract. The reaction was initiated by addition of H 2 O 2 . The tetraguaiacol formation was quantified at A470 nm (ε = 26.6 mM Ascorbate peroxidase activity was measured according to Allen (1995) [19] . In a 2.0 ml reaction mixture containing 50 mM HEPES buffer (pH 7.0), 1 mM EDTA, 1 mM H 2 O 2 , 0.5 mM sodium ascorbate and 50 μl of enzyme extract. Oxidation of ascorbate was followed by an increase in the absorption at 290 nm (ε = 2.8 mM
). One unit of APX is defined as the amount of enzyme needed to convert 1 µmol of ascorbate min-1 at 25˚C.
Glutathione Reductase (GR, E.C. 1.6.4.2)
GR activity was determined by measuring oxidation of NADPH at 340 nm (ε = 6220 M −1
•cm −1 ) according to the method of Carlberg and Mannervik (1985) [20] . The assay mixture consisted of 50 mM Tris-HCl buffer (pH 7.5), 3 mM MgCl 2 , 0.5 mM GSSG, 0.2 mM NADPH and 37 μl of enzyme extract. The reaction was initiated by the addition of GSSG. One unit of activity is defined as the amount of glutathione reductase that catalyzes the oxidation of 1 µmol of NADPH min −1 under the assay conditions.
Assay of Metabolic Enzymes
β-Amylase (AMY, E.C. 3.2.1.1)
β-amylase activity was determined spectrophotometrically using the DNS method as described by Bernfield (1955) [21] . Reaction mixture taken consisted of 500 μl of 2% starch solution in 50 mM phosphate buffer (pH 7.0) and 500 μl of enzyme extract. Each unit of activity is defined as the number of µmoles of maltose released per minute.
Acid Phosphatase (AP, E.C. 3.1.3.2)
Activity of AP against ρ-nitrophenol phosphate was determined by measuring the release of ρ-nitrophenol at 410 nm according to the method of Hoerling and Svensmark (1976) [22] . One unit of activity is defined as the amount of enzyme necessary to release 1 µmoles of p-nitro phenol per minute.
Statistical Analysis
The experiments were performed using a randomized design. All data are expressed as means of triplicate experiments unless mentioned otherwise. The data were subjected to analysis of variance (ANOVA) using GraphPad Prism version 5.0 and the mean differences were compared by Lowest Standard Deviations (LSD) test. Each value represents the average of three replicates ± standard error (SE) taking P ≤ 0.05 as significant.
Results
Salt stress in niger caused gradual reduction of Relative water content (RWC) in concentration and timedependent manner up to 400 mM NaCl. However, beyond 400 mM, the trend appeared to show anomalous behavior. The highest reduction in RWC (56%) was observed at 72 h with 400 mM NaCl ( Table 1) . The plant showed reduction in fresh weight with increasing NaCl concentration, with no significant change in dry weight relative to control. As salinity increased, the plants showed reduced number of leaf and cessation in the expansion of the leaf surface. Extended exposure to salinity caused wilting and deterioration of plants.
Stress Markers
Applied salt stress enhanced H 2 O 2 production in concentration and time-dependent manner. Leaves of Niger showed up to 3-fold increase in the levels of H 2 O 2 at 300 mM NaCl exposed for 48 and 72 h. Salt stress also caused increase in ASC levels in concentration and time-dependent manner, with concentration producing profound effect. Reduced glutathione levels in salt stressed leaves of Niger were elevated in a concentration-dependent manner up to 300 mM. However, the effect was not pronounced beyond 48 h of exposure. The (MDA) content in salinity stressed leaves did not show any alteration, except a marginal concentration-dependent increase at 72 h. Levels of osmoprotectant; proline in salt stressed Niger exhibited ~2 fold increase, relative to control independent of time of exposure and concentration of NaCl ( Table 2) .
Antioxidant Enzymes
Guaiacol specific POX levels showed a concentration-dependent elevation up to 300 mM NaCl, and declined gradually beyond 300 mM (Figure 1) . APX also showed a time and concentration-dependent increase between 200 -400 mM of NaCl and declined beyond 400 mM (Figure 2) . CAT activity exhibited a progressive decrease with time and concentration of NaCl. The decline was more pronounced at 48 h of stress (Figure 3) . GR levels showed a concentration and time-dependent elevation up to 400 mM NaCl, but declined at 500 mM (Figure 4) . Metabolic enzymes β-amylase and acid phosphatase did not exhibit any specific pattern, except a raise in their activities during 24 h of exposure to salinity ( Figure 5, Figure 6 ). 
Discussion
Adverse effects of salinity in plants include reduction in overall growth and productivity due to perturbation of various physiological and biochemical parameters. Conveniently, a number of such parameters have served as markers of stress response, as well as, indicators of the severity of stress. Reduction in fresh and dry weight ( Table 1) , leaf surface area and number of leaves in Niger suggested significant negative influence of salt concentration beyond 400 mM up to 72 h of exposure. The extensive damage observed beyond 400 mM at extended exposure could be due to reverse osmosis, wherein osmolarity of the medium surpasses that of the plant sap. The growth reduction under stress is attributed to reduced cell volume, turgor and concomitant reduction in cell elongation [23] , as observed in faba bean [24] . When challenged by stress, plant system respond by invoking signaling system, which induce expression of various genes specific to the applied stress. One of the early changes in plants metabolism and physiology during abiotic stress such as salinity is, production of ROS; 2 . This ROS production is attributed to metabolic utilization of reducing power and imbalance in electron transport [25] . One of the earliest stress signaling components appears to be H 2 O 2 , a stable ROS intermediate, produced by progressive reduction in PS-II and β-oxidation of lipids during abiotic stress [26] . Progressive elevation of H 2 O 2 in salt stressed Niger suggested imposition of greater degree of stress with increasing concentration of NaCl and time of exposure ( Table 2) . Apart from serving as signaling molecules, elevated levels of H 2 O 2 are found to accelerate HaberWeiss reaction forming OH − , which in turn, causes lipid peroxidation [27] . Although H 2 O 2 levels peaked at 300 mM during 72 h, there was no corresponding increase in MDA ( Table 2) , probably due to onset/reinforcement of antioxidant systems [28] as suggested for groundnut [29] and soybean [30] under salt stress.
Abiotic stresses have been shown to disturb redox homeostasis of ASC and GSH. As a water soluble antioxidant, ASC serves as a ROS scavenger during stressed conditions. Complementing the functions of ASC is reduced GSH, contributing to a formidable antioxidant system in plants under abiotic stress [31] . Reduced GSH primarily donates electrons for reduction of ASC (Asada-Halliwell cycle) and also, acts as a potent scavenger of ROS [32] . This interrelationship between ASC and GSH in Niger was evident from the parallel increase in ASC and GSH levels over the time and concentration regimes ( Table 2) . However, the ASC production seems to be more efficient up to 500 mM NaCl while GSH production declined beyond 400 mM NaCl. Nevertheless, the pattern of these antioxidants suggested the operation of ASC-GSH cycle, which could partially contribute to stress tolerance exhibited, at least, up to 300 mM NaCl. Pisum sativum subjected to cadmium stress has been shown to exhibit similar response [33] .
Salinity induced adjustment in osmolarity of plants involve accumulation of osmoprotectants such as proline, glycine betaine and sugars [34] . Proline, as a compatible solute and enzyme protectant stabilizes structures of macromolecules and organelles [35] . Observed enhancement of proline levels suggested an efficient osmotic adjustment in niger ( Table 2) , which is in agreement with observations made in salt stressed tobacco [36] , sorghum [37] and Sesuvium portulacastrum [38] .
Enzymatic antioxidant system in plants includes SOD, CAT, GR and POX. These enzymes are shown to be induced or up regulated during oxidative stress resulting from abiotic stresses. ROS detoxification, particularly of H 2 O 2 is due to continued action of POX and CAT. Salt stress induced ROS (H 2 O 2 ) in Niger seem to be primarily detoxified by POXs, as measured by GPOX and APX. GPOX, as a proven ROS quencher, is also associated with metabolism of plant hormones such as ethylene, indole acetic acid (IAA), and processes like cell wall lignification and wound healing [39] . Progressive elevation in GPOX up to 300 mM NaCl in parallel to H 2 O 2 levels appears to contribute to salt tolerance in niger (Figure 1) . The observed enzyme levels in Niger were in consonance with those of drought stressed Hyacinth bean [40] and varieties of wheat [41] . ROS scavenging by APX involves reduction of H 2 O 2 using ASC as electron donor. Time and concentration-dependent increase in levels of APX between 200 mM to 400 mM (Figure 2 ) was in consonance with salt-tolerant wild tomato [42] and drought stressed Festuca arundinacea genotypes [43] . Unlike POX, CAT levels continued to decline with increasing concentration of NaCl and extended time of exposure (Figure 3) , suggesting the primacy of POX in H 2 O 2 detoxification. These observations in Niger are in good agreement with salt and drought stressed liquorice [44] , heavy metal stressed sunflower [45] and salt stressed Jatropha curcas L. [46] .
Among antioxidant enzymes, GR plays a crucial role in regeneration of reduced glutathione, which in turn, can be a reducing equivalent donor for reduction of dehydroascorbate. Concentration dependent elevation of GR under salinity stress up to 400 mM NaCl (Figure 4 ) in niger correlated with reduced GSH levels, thus contri-buting to efficient operation of GSH-ASC cycle. Similar increase in GR activity under salt stress was previously reported for barley [28] and cucumber [47] .
Structural integrity of macromolecules and cell turgidity are critically maintained during applied stresses by various molecules including sugars. Mobilization of starch during stress appears to be a common mechanism to protect cellular integrity. β-amylases have been shown to contribute to osmotic adjustment and turgidity [48] . Enhanced levels of β-amylase in presence of NaCl up to 400 mM suggested an efficient adjustment in turgor and valuable contribution of this enzyme in niger plant during initial 24 h of exposure ( Figure 5) . Similar results have been reported in cucumber under water stress [49] and Triticum aestivum under salt stress [50] .
In numerous plant species, on account of salinity stress, AP activity typically increases under phosphorous (Pi) deficiency. Elevated levels of AP activity in leaves of Niger was seen during the early period of applied stress (Figure 6 ) indicating a possible contribution to phosphorous remobilization, as seen in hyacinth bean cultivars subjected to drought stress [40] .
Conclusion
The antioxidant system invoked by Niger under salt stress comprised enzymatic components, POX, APX and GR and non-enzymatic components, GSH and ASC. Levels of GSH, ASC and GR indicated efficient operation of ASC-GSH cycle under stress. Salt induced osmotic stress also seems to be countered by increased production of the osmolyte, proline. Further, metabolic enzymes β-amylase and acid phosphatase were found to contribute to salt tolerance albeit over short period. These prevailing biochemical events thus make Niger tolerant to salinity stress up to 300 mM.
